Indian twin drums mainly bayan and dayan (tabla) are the most important percussion instruments in India popularly used for keeping rhythm. It is a twin percussion/drum instrument of which the right hand drum is called dayan and the left hand drum is called bayan. Tabla strokes are commonly called as `bol', constitutes a series of syllables. In this study we have studied the timbre characteristics of nine strokes from each of five different tablas. Timbre parameters were calculated from LTAS of each stroke signals. Study of timbre characteristics is one of the most important deterministic approach for analyzing tabla and its stroke characteristics. Statistical correlations among timbre parameters were measured and also through factor analysis we get to know about the parameters of timbre analysis which are closely related. Tabla strokes have unique harmonic and timbral characteristics at mid frequency range and have no uniqueness at low frequency ranges.
Introduction
Among the percussion instruments, 'tabla' is one of the most important musical instruments in India. Tabla plays an important role in accompanying vocalists, instrumentalists and dancers in every style of music from classical to light in India, mainly used for keeping rhythm. The 'right hand' drum, called the dayan (also called the dahina, or the tabla) is a conical (almost cylindrical) drum shell carved out of a solid piece of hard wood.
The 'open' end is covered by a composite membrane. The 'left hand' drum, called the bayan (also called the duggi) is a hemispherical bowl shaped drum made of polished copper, brass, bronze, or clay. Both of them have an 'open' end, covered by a composite membrane. The drum head (puri), is unique, and is made of goatskin, the lao. There is a weight in the middle, the syahi or gub. The syahi is perfect circle, in the middle of the puri, it is a semi-permanent paste made of coal dust, iron fillings, and rice paste. Around the outside of the puri, is a ring of thicker skin, this is called the chanti, this is not attached to the lao. The puri is laced by buffalo skin straps, baddhi, and tensioned by round wooden 'chocks', called gittak.
As an accompanying instrument, Tabla serves the purpose of keeping rhythm by repeating a theka (beat-pattern) and adorns the vocal/instrumental music that it is accompanying. In this music, the choice of strokes is precise, each one functioning like a note in a melody; the timbral and rhythmic structures are equally important and carefully integrated into a singing line.
Tabla strokes are typically inharmonic in nature but strongly pitched resonant strokes (Raman 1934) . The sounds of most drums are characterized by strongly inharmonic spectra; however tablas, especially the dayan are an exception. This was pointed out as early as 1920 by C. V. Raman and S. Kumar. Raman further refined the study in a later paper (Ghosh R N, 1922 , Raman C V, 1934 , Rao K N, 1938 . Thereafter several theoretical and experimental studies were held on the dynamics of the instrument (Ramakrishna B S, 1957, Sarojini T et. al, 1958 , Banerjee B M et. al, 1991 , Courtney D, 1999 ). The classical model put forth by Raman represents the sound of tabla-dayan, as having a spectrum consisting of five harmonics; these are the fundamental with its four overtones (Courtney D, 1999 ). Here we studied the timbre characteristics of tabla strokes.
Strokes chosen for analysis
Tabla playing has a very well developed formal structure and an underlying "language" for representing its sounds. A tabla `bol's constitutes a series of syllables which correlate to the various strokes of the tabla. Here we have considered nine tabla strokes. Stroke 'Ta/Na' executes by lightly pressing the ring finger down in order to mute the sound while index finger strikes the edge. Stroke 'Ti' executes by striking the dayan on the 2 nd circle with the index finger and by keeping the finger on that position causes more damping but after striking if the index finger release quickly to give an open tone it produces 'Teen'. Stroke 'Ghe' executes by striking the bayan with middle and index finger keeping the wrist on the membrane but after striking if released quickly it produces 'Ge'. Stroke 'Thun' executes by striking on the centre circle of dayan with index, middle, ring and little fingers together and by quickly releasing. Stroke 'Tu' executes by striking at the corner of centre circle of dayan with index finger only and immediately after striking finger will lift. Stroke 'Te' executes by striking the dayan with middle and ring finger at the centre of the circle. Stroke 'Re' executes by striking the dayan with index finger at the centre of the circle and by keeping the finger on that position causes more damping.
Experimental procedure
All the strokes were played by eminent tabla players and the sound was recorded in a noise free acoustic room.
Membrane of tabla 1, 2 and 3 have diameter 5", tabla 4 has a diameter 5.5" and tabla 5 has a diameter 6". We are too low and stronger 2nd, 3rd and 4th harmonics and higher irregularity, while other three tablas show uniformity and all these four strokes are free stroke. For stroke 'thun', tabla 3 and 4 differ from other tablas only in brightness i.e. its CG of amplitude. Stroke 'ti' of tabla 3 is different from others viz. brightness and centroid both are low, stronger 2nd, 3rd and 4th harmonics and higher irregularity. For strokes 're' and 'te', tabla 3 and 4 differs from other tablas only in irregularity, in which both the strokes are made at the centre circle and both are damped strokes. Damped strokes have higher brightness and spectral centroid than the free strokes. So this concludes the fact that style (nature and intensity) of strokes of player of 1 st tabla is different than others. Also style of strokes is similar for the players of tabla 3 and 4.
From table 2, it is observed that tristimulus 2 (T2) and tristimulus 3 (T3) are highly correlated while tristimulus 1 (T1) is weakly correlated with T2 and T3. This concludes the fact that fundamental (corresponds to T1) of different tabla strokes are different. Also fundamental is weak compared to its harmonics, while mid and higher frequency partials behave similarly. Odd and even harmonics are equally proportionate and are highly correlated to each other and so tabla strokes are harmonically good to hear. T2 and T3 both have high correlation with irregularity and spectral centroid. This concludes the fact that high frequency partials have higher order of irregularity among partials. Also brightness (i.e. centre of gravity of amplitude) and spectral centroid (i.e. centre of gravity of frequency) are highly correlated. 
Factor analysis for timbre parameters
We are working with a huge number of timbre parameters but considering all the parameters simultaneously is not a good option as the parameters might be correlated among themselves. Hence to understand the underlying pattern, factor analysis has been undertaken. The essential purpose of factor analysis is to describe, if possible, The rotation phase serves to "sharpen" the factors by identifying those variables that load on one factor and not on another. The ultimate effect of the rotation phase is to achieve a simpler, theoretically more meaningful factor pattern. The size of the factor loadings (correlation coefficients between the variables and the factors they represent) will help in the interpretation. As a general rule, variables with large loadings indicate that they are representative of the factor, while small loadings suggest that they are not. It should be kept in mind that negative factor loading implies negative correlation with the underlying factor and the other loadings. For example, in the rotated component matrix T2 has a negative loading while T3 has a positive loading (.747), which means that T2 and T3 are negatively correlated and also T2 has a negative correlation with the underlying Factor 1. The above table shows all the factors extractable from the analysis along with their eigenvalues, the percentage of variance attributable to each factor, and the cumulative variance of the factor and the previous factors. Notice that the first factor accounts for 33.828 % of the variance, the second 23.918 % of the variance, the third 18.001%, the fourth 10.858% and the fifth 7.269%. All the remaining factors are not significant.
Fig 9: Scree plot of eigenvalues
The scree plot is a graph of the eigenvalues against all the factors. The graph is useful for determining how many factors to retain. For the first five factors the Eigen values are greater than 1 and explains significant amount of variance. Hence we take the first five factors in account for further analysis. Given below are the explanations of the rotated component matrix.
1) Factor 1 is composed of Tristimulus2, Tristimulus3, Even Parameter, Spectral Centroid, Attack time and hence these are highly inter-correlated among themselves.
2) Brightness, Spectral Irregularity, Spectral Centroid and Average RMS power have very high loading in Factor 2.
3) Tristimulus1, Tristimulus2 and Odd parameter are substantially loaded on Factor 3.
4) Factor 4 is composed of Spectral inharmonicity, pitch and difference in frequency of 2 highest peaks.
5) Difference in amplitude of 2 highest peaks is the only contributor in the Factor 5.
One can choose to name these factors based on which parameters they are made of. So we obtain the clustering pattern of the parameters and how they are correlated.
Factor analysis of the notations
We have carried out factor analysis on the notations. Thus we have obtained the following Correlation matrix and Component Loading matrix. We find that the all the notations are highly positively correlated among themselves. Since the notations are highly correlated only 1 Factor/Component can be extracted which explains 98.316% of the total variability of the whole dataset.
Conclusion (i)
The two drums of a tabla produce many different timbres. Tabla strokes have unique harmonic and timbral characteristics at mid frequency range and have no uniqueness at low frequency ranges. These provide to facilitate the development and transmission of a sophisticated solo repertoire. In addition to the rhythmic complexity of tabla music, it is its timbral beauty and diversity that distinguish it from other percussion instruments. (ii)
In general strokes made at the vicinity of centre circle pumped up energy at high frequency range and they are the brightest stokes while the strokes made at the edge of the membrane are weakest strokes having low energy. (iii)
Change of timbre parameters of strokes of same tabla occurs due to difference in stroke execution. (iv) Dimention of tabla viz. diameter of the membrane, dimension of hollow chamber etc are the determining factor of tabla timbre.
(v)
Statistical analysis shows that timbre parameters have 5 underlying factors which explain the total variability in the data set but notations are highly correlated among themselves and hence there is only 1 underlying factor. (vi) Tristimulus2, Tristimulus3, Even Parameter, Spectral Centroid, Attack time are the most important timbre features to study timbre of tabla followed by Brightness, Spectral Irregularity, Spectral Centroid, Average RMS power based on the total variability explained. Other timbre parameters are not significant in explaining tabla strokes.
